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The field of urban ecology has seen a major expansion in the last two decades. As the world
rapidly urbanizes, human settlements constitute one of the few ecosystems on earth that are
significantly increasing in their extent. As a result, interest from both the scientific community
and society at large has turned its attention to the functioning of cities and their impacts on larger
regions, global resources, and humanwell-being. Yet, urban ecosystems are fundamentally different
from their natural counterparts in the dominant influence of human actions, both intentional
and unintentional, on ecosystem function. While the term urban ecology is attributed to the
Chicago School of sociology (Park et al., 1925), interdisciplinary, ecological studies of human
settlements worldwide were facilitated most widely by UNESCO’s Man and the Biosphere Program
in the 1970’s, and two decades later by the establishment of urban sites in the U.S. National
Science Foundation’s Long-Term Ecological Research Network (Sukopp, 2002; McDonnell, 2011;
Formann, 2014). The resulting studies of urban-rural gradients, urban mass and energy budgets,
and the “ecology of cities” have led to rapid development of methods and conceptual frameworks
for integrating the social and natural sciences in the study of cities as ecosystems (Pickett et al., 2001;
Alberti et al., 2003; Grimm and Redman, 2004; Moffett and Kohler, 2008; Chowdhury et al., 2011;
McDonnell, 2011; Pataki et al., 2011a). While many early studies of urban ecosystem structure and
function were case studies of individual cities and specific urban ecological processes, there are an
increasing number of cross-city comparisons that are facilitating a new, synthetic understanding of
the causes and consequences of urbanization and the complex interactions among urban ecosystem
components (Loram et al., 2008; Kennedy et al., 2009; McDonnell et al., 2009; Chowdhury et al.,
2011; Kendal et al., 2012; Jenerette et al., 2013; Ahern et al., 2014; Groffman et al., 2014).
While urban ecology is poised to make new breakthroughs in the functioning of complex,
human-dominated ecosystems, the potential to translate scientific advances to practical
applications has never been greater. Cities worldwide are struggling with amyriad of environmental
and social problems as growing cities face air, water, and soil pollution, resource depletion,
and aging infrastructure. As a result, there is renewed interest in developing and testing new
solutions to these problems, with an increasing emphasis on approaches that apply ecological
principles such as green infrastructure (Gill et al., 2007; Tzoulas et al., 2007), habitat preservation
and connectivity (Rudd et al., 2002; Breuste, 2004; Goddard et al., 2010; Hostetler et al., 2011),
urban metabolism (Newman, 1999; Kennedy et al., 2011; Pincetl et al., 2012; Shahrokni et al.,
2015), and ecological footprints (Luck et al., 2001; Jin et al., 2009). Cities are increasingly the
focus of biodiversity inventories (Hermy and Cornelis, 2000; Loram et al., 2008; Clarke et al.,
2013), measurements of greenhouse gas concentrations and fluxes (Velasco and Roth, 2010;
McKain et al., 2012), and monitoring of the performance of green roofs, bioswales, and other
green infrastructure (Mazer et al., 2001; MacIvor et al., 2011; Lundholm et al., 2014). The
challenge going forward will be to apply an increasingly advanced and nuanced understanding
of urban ecology in the practice of planning, designing, and monitoring cities as dynamic
ecosystems.
Such applications are a test of both the depth and breadth of our understanding of urban
ecosystem processes. Unlike natural ecosystems, cities contain many ecosystem components
that are almost entirely human-constructed. Building robust ecosystems that can withstand
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environmental change and avoid negative, unanticipated
consequences of modifying the environment requires a systems-
level understanding of ecosystem complexity, thresholds, and
feedbacks (Lovell and Johnston, 2009; Ahern, 2013). In the
built and engineered environment, natural and biotic processes
that have generally been termed “ecosystem services” must
be translated into specific design and performance elements
and metrics at the appropriate scales if ecological approaches
are to be successfully used to mitigate pollution, conserve
biodiversity, improve human health, and enhance human
well-being (Alberti, 2007; Oberndorfer et al., 2007; Syrbe and
Walz, 2012; Ahern, 2013). Moving forward, urban ecologists
face a new set of challenges as the field transitions into the next
phase of understanding cities and human settlements from an
ecological perspective. Here, I briefly summarize three of these
grand challenges. This list is not exhaustive, but highlights some
key impactful, emerging areas of current research in urban
ecology.
Developing the Science of the Built
Environment
Cities are often described as “novel” ecosystems which had no
natural analog prior to the worldwide expansion of the urban
population (Hobbs et al., 2006, 2009; Kowarik, 2011). Definitions
of novel ecosystems and their implications are still debated
(Seastedt et al., 2008; Higgs, 2012;Morse et al., 2014;Murcia et al.,
2014); nevertheless, urban ecosystems contain a broad range
of distinct microenvironments and biological assemblages, from
remnant natural ecosystems to almost completely human built
and constructed environments. While ecology has a century-
long history of theorizing the processes that lead to the assembly
and function of non human-dominated ecosystems, the extent to
which such theories can be applied to designed and constructed
ecosystems is still actively debated (Niemelä, 1999; Grimm
et al., 2000; Kaye et al., 2006; Moffett and Kohler, 2008). The
term “built” environment can refer to many different ecosystem
components, some of which are analogs for natural ecosystems
but with largely exotic flora and fauna and highly modified or
imported soil materials (i.e., lawns and planted gardens). The
built environment can also be dominated by abiotic components,
i.e., concrete, asphalt, and other building materials. However,
even largely abiotic environments have been shown to have a
diverse microbial flora, with unknown impacts on larger scale
ecosystem function or human health (Kembel et al., 2012; King,
2014; Konya and Scott, 2014).
We have made enormous progress in understanding the
mechanisms underlying the structure and function of ecosystems
in which humans play a small or indirect role. In urban ecology,
a key next step is to gain an equally thorough understanding of
constructed ecosystems. It’s somewhat ironic that even though
many components of urban ecosystems are built by humans,
these constructed systems are often poorly understood from
an ecological perspective. The factors that determine their
biodiversity, community structure, and mass and energy cycles
and flows can be quite uncertain, whether considering the
ecology of ornamental gardens (Kareiva et al., 2007; Loram et al.,
2008) or full accounting of matter and energy flows at varying
scales (Moffett and Kohler, 2008; Kennedy et al., 2011; Pincetl
et al., 2012). There is a particular need to consider the linkages
among the built and biotic components of cities (Pickett and
Cadenasso, 2008). Within the challenge of developing a new
science of the built environment, specific questions include: what
are the processes that lead to observed biological assembles
and biodiversity in the built environment? How does ecosystem
structure and function interact in the built environment?
How does built ecosystem structure and function respond to
environmental and social changes? It will be essential to fill in
key data gaps in these areas going forward, and to use these
data to develop robust conceptual and theoretical frameworks
for understanding the ecology of built and constructed
ecosystems.
The Urban Environment and Human
Well-being
Cities are ostensibly built to enhance well-being. Both the built
and non-built environments have numerous interconnections
to well-being; the ecosystem services concept was developed
specifically for this reason, as it asserts that “ecosystems are
essential for human well-being through their provisioning,
regulating, cultural, and supporting services” (Millennium
Ecosystem Assessment, 2003). Yet, despite a growing literature
on ecosystem services in both natural and urban systems,
the precise nature of the relationship between many of the
interacting processes categorized as ecosystem services and
human well-being remains elusive at key spatial and temporal
scales (Carpenter et al., 2009; Summers et al., 2012; Reyers
et al., 2013), and this uncertainty is exacerbated in cities (van
Kamp et al., 2003; Jorgensen and Gobster, 2010). Even when
urban landscapes are constructed for specific purposes, such as
recreation, beauty, and climate mitigation, their direct impacts
on well-being often remain unknown (Cameron et al., 2012).
This can be a matter of scale; carbon sequestration, for example,
a commonly cited ecosystem service, directly affects quality of
life only when its impacts occur on a large enough spatial
scale to significantly affect atmospheric CO2 concentrations and
their role in the climate system (Pataki et al., 2006). Similarly,
there may be time lags between provisioning or degradation of
ecosystem services and their impacts on well-being (Raudsepp-
Hearne et al., 2010). However, in the urban environment, the
relationship between the many facets of human well-being and
aspects of ecosystem structure and function are often uncertain,
in part, because they have not yet been adequately studied in
constructed ecosystems.
Thus, there are myriad studies showing that the presence
of urban vegetation improves human health as quantified in
several different ways, including accelerated recovery from
stress and illness, increased physical activity, cognitive function,
emotional health, and other metrics (Tzoulas et al., 2007; Lee and
Maheswaran, 2011; Shanahan et al., 2015). However, the exact
mechanisms underlying these relationships are still uncertain,
Frontiers in Ecology and Evolution | www.frontiersin.org 2 June 2015 | Volume 3 | Article 57
Pataki Grand challenges in urban ecology
and we do not yet know which aspects or types of vegetation
provide the greatest benefits. Clarifying and contextualizing the
relationships between aspects of well-being and specific facets
of the urban environment is a key future challenge. Niemelä
(2014) pointed out that the underlying mechanisms are likely
to be inherently local; yet the answers to these questions are
of interest worldwide. Sub-questions include: Are there greater
physiological and psychological benefits of certain types of
flora and fauna? Does it matter how many and which species
are present? Does the configuration and size of parks and
public greenspace vs. private gardens have a direct influence on
well-being? Are there unanticipated consequences of reducing
distributed and private greenspace in the urban core as cities
grow denser, or can centralized public parks provide the same
benefits? Intriguingly, there is evidence that perceptions of
urban biodiversity are more aligned with well-being than actual
biodiversity (Dallimer et al., 2012). Furthermore, there are many
costs and potentially negative outcomes of replacing natural
ecosystems with constructed ecosystems. Also called “ecosystem
disservices,” these costs are generally under-studied, but include
monetary costs, resource depletion, pollution, biodiversity loss,
and negative health outcomes (Lyytimäki et al., 2008; Pataki
et al., 2011b; von Döhren and Haase, 2015). This has led to the
pervasive question: how can tradeoffs between various ecosystem
services and disservices be optimized to lead to desired outcomes
for human well-being? These questions require additional and
more nuanced studies of human-environment interactions across
cities, regions, and populations, as the answers are critical for
translating urban ecosystem science into practice.
Ecology to Inform Urban Planning and
Design
Given that the complex interactions among ecosystem
components in the built environment are relatively poorly
understood, and that there are still large uncertainties in the
relationship between constructed ecosystems and human
well-being, it is not surprising that urbanization has resulted
in many unanticipated consequences. Cities are very complex
ecosystems, and actions directed at one component of the
system often have surprising effects on other components.
The Millennium Ecosystem Assessment noted that actions
meant to enhance one ecosystem service often lead to
unintentional degradation of other services (Millennium
Ecosystem Assessment, 2005). Similarly, many problems faced
by modern cities are a consequence of previous attempts to
improve urban environmental and social conditions. The
combustion engine, the largest source of many types of urban
air pollution, was seen a century ago as a solution to the public
health problems presented by the horse and buggy (Nikiforuk,
2013). As cities move forward with new, proposed solutions
to modern urban problems, even “green” solutions involving
enhanced ecosystem services and green infrastructure may
lead to unintended consequences when these technologies are
implemented at large scales.
A closer association between urban ecology and the practice of
planning, designing, and managing cities may avoid or mitigate
some of these consequences. From a scientific perspective, a
systems-level understanding of the functioning of cities is greatly
enhanced by inclusion of stakeholders who are experts in the
political, social, and policy dimensions of a given urban area.
From a translational perspective, urban ecosystem science can
be put into practice more rapidly when ecologists inform the
planning process through the development and testing of sharing
research questions, robust tools, and place-specific ecological
data (James et al., 2009; Lovell and Taylor, 2013) as well as
scientifically sound landscape and site designs (Felson and
Pickett, 2005; Pickett and Cadenasso, 2008; Ahern, 2013; Felson
et al., 2013a; Steiner, 2014). These activities are increasingly
iterative and adaptive, with experimental science and ecological
monitoring integrated with actions that can feedback to decision-
making via participatory planning, adaptive management, and
the coproduction of knowledge at the science-policy interface
(Pickett et al., 2004; Pickett and Cadenasso, 2008; Lovell and
Johnston, 2009; Evans, 2011; Felson et al., 2013b; Lovell and
Taylor, 2013; Ahern et al., 2014; Niemelä, 2014). Such interactions
take advantage of a shared understanding developed in the fields
of both ecology and planning that cities are complex systems;
that they are dynamic over space and time; and that they interact
with their surroundings regionally and globally. Critically, the
application of urban ecology into practice places a high bar on
our understanding of ecology as a science, which must be robust
enough to successfully design and maintain well-functioning,
constructed ecosystems.
Conclusions
Many differences between urban ecology and the study of other
types of ecosystems stem from the fact that urban ecosystems are
intentionally created. And yet, they often function in surprising
and unanticipated ways. Ecology is a systems science that
is well-aligned with understanding urban complexity and the
interacting components, feedbacks, and non-linear dynamics of
cities. While a lack of integration between the fields of human
and biological ecology limited the early development of urban
ecological and theory and methods relative to other disciplines,
there has been great recent progress in integrating urban social
and biophysical science. Nevertheless, there are still limitations to
translating these results into usable information for practitioners,
as the urban ecological literature increasingly demonstrates
that interactions among the human, non-human, and abiotic
components of cities are highly place-, site-, and species-specific.
The field faces new grand challenges as cities move toward large-
scale implementation of actions, policies, and designs influenced
by ecological concepts. It will be incumbent upon the scientific
community to deliver rigorous urban ecological research in
the forms of theoretical advances, model development and
testing, well-designed experiments and monitoring, and close
collaborations between scientists, practitioners, and stakeholders
so that the “greener” cities of the twenty first century can be based
on the best available science.
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